sent the addition of a technique for analysis and interpretation of surface electrocardiographic signals to portable, direct-current defibrillators. The ultimate extension of efforts to analyze automatically electrocardiographic signals and to provide simultaneously a compact defibrillator has been achieved with the implantable cardioverter-defibrillators pioneered by Mirowskil' 9 and Zipes'`and their colleagues. The impressive clinical success that has been reported with these devices9 has prepared the medical community for acceptance of automatic external defibrillators.
The earliest automatic external defibrillators contained analog circuitry, and responded primarily to the rate of the electrical signal.1' Presently available devices incorporate sophisticated digital software with rhythm algorithms that analyze multiple features of the surface electrocardiographic signal. Descriptions of the algorithms used by these commercial devices have not been published. There are, however, two general approaches to automatic rhythm analysis: time-domain techniques, and frequency-domain techniques. Timedomain techniques analyze some combination of the amplitude, frequency, and morphology of a filtered electrocardiographic signal. These techniques include sinusoidal waveform analysis,'2 peak-trough series analysis, 13 and analysis of the probability density function.8' 14 In the frequency-domain approach, a fast-Fourier transformation of the electrical signal is performed, and the frequency content and power spectrum of the signal is then analyzed.91-17
Signal verification approaches include measurement of the impedance between the two surface electrodes to ensure adequate contact and the absence of motion, filters and masks to identify electrical artifacts, and QRS analyzers to ensure the absense of sinus or other supraventricular rhythms. The devices record the surface electrocardiographic signal through two adhesive electrode pads, usually placed in a lead II configura-381 NO 3 1986 tion of right sternum and cardiac apex. Defibrillatory shocks are also delivered through these electrodes. Surface electrocardiographic signals are not optimal for analysis by an automatic detector because they are prone to signal and movement artifact. Nevertheless, at the present time surface signals remain the most practical approach to rapid rhythm analysis.
When an automatic external defibrillator is used in a cardiac arrest, the rescuer must cease contact with the patient while the device assesses the rhythm, charges the capacitor, and delivers countershocks of 200 to 335 J of delivered energy. Depending on the manufacturer, the time required for rhythm analysis can range from 6 to 20 sec, and capacitor charge time from 4 to 11 sec. There are two general types of automatic external defibrillators, a "fully automatic" and a "semiautomatic" device. The fully automatic devices, once attached and turned on, assess the rhythm, charge the capacitors, and deliver countershocks as long as the rhythm remains one of ventricular fibrillation or rapid pulseless ventricular tachycardia, or until the device is switched off. The semiautomatic devices require responses by the operator, guided by messages displayed on a liquid crystal screen. If the rhythm is ventricular fibrillation or rapid pulseless ventricular tachycardia, a final step is required in which the operator is "advised" to press the shock button.
To analyze the rhythm and charge and deliver a countershock, the presently available devices require interruption of cardiopulmonary resuscitation for longer periods of time than the present guideline of 5 sec. If automatic external defibrillators were to deliver three countershocks, without interposed efforts at cardiopulmonary resuscitation (CPR), patients could go as long as 1 to 11/2 min without CPR. The absense of CPR for 90 sec may be an acceptable risk if a patient in ventricular fibrillation were to receive definitive treatment.
EMT defibrillation: manual, semiautomatic, or fully automatic? The recent endorsements of EMT defibrillation should lead to widespread implementation of EMT defibrillation programs. Programs must then choose whether to use standard manually operated defibrillators or the new automatic and semiautomatic defibrillators. Clinical trials in King County, WA and in Iowa are in progress to determine the relative merits of automatic vs manually operated defibrillators when used by EMTs. If the devices prove to have comparable sensitivity, specificity, and clinical outcomes when used by EMTs, the choice between manual and automatic will be determined by factors dependent on the local emergency medical system. These include anticipated frequency of encountering cardiac arrests, the 382 availability of high-quality training, retraining, and supervision, and some estimate of the overall competency of area EMTs. Price may also influence the decision, since some automatic and semiautomatic external defibrillators will be available for several thousand dollars less than standard manually operated defibrillators. In programs in which EMTs have used both manually operated and automatic defibrillators no difference has been observed in the necessity for close medical review of each clinical event. Automatic and semiautomatic defibrillators, under no circumstances, eliminate the requirement for case-by-case medical review of field performance by the EMTs. Automatic defibrillators used by community responders.
General acceptance of early defibrillation as the most effective single intervention for cardiac arrest suggests that the use of automatic external defibrillators can be extended to a variety of community responders. These include policemen, volunteer firefighters, trained first responders, security and other personnel in corporate settings, airline flight attendants, and staff members of senior citizen centers, nursing homes, and exercise programs. This prospect of a proliferation of community responders equipped with automatic defibrillators raises several issues of medical control: Who will prescribe and maintain these devices? Who will be responsible for training, for skill review, and for case review? And who will be named in the inevitable lawsuit? These issues must be resolved by gradual introduction of the devices into community settings in evaluative projects. Clinical studies have begun to determine whether or not community responders can be adequately trained to use an automatic external defibrillator, whether they can retain these skills for long time periods, and whether they will correctly operate the device when a cardiac arrest does occur.
Automatic defibrillators used at home. Automatic external defibrillators, used by family members and friends of people at high risk for lethal tachyarrhythmias, have the potential to resuscitate victims of cardiac arrest. Another clinical issue for cardiology is the identification of those patients for whom home placement of an automatic external defibrillator would be appropriate. Survivors of an acute myocardial infarc-tion18 and survivors of cardiac arrest'9 experience a high incidence of sudden cardiac death, particularly in the first months after a cardiac event. These patients can now be evaluated by a growing list of invasive and noninvasive procedures, including echocardiography, predischarge exercise testing, ambulatory electrocardiographic monitoring, radionuclide coronary angiography, and electrophysiologic studies. 18, 20. 21 Exercise-CIRCULATION induced ST segment depression or elevation,20 left ventricular dysfunction, 18 frequent premature ventricular beats, 18 and the persistence, despite treatment with antiarrhythmic drugs, of lethal arrhythmias during electrophysiologic testing are markers that indicate patients at high risk of postinfarction sudden death. This sudden cardiac death is frequently the result of ventricular arrhythmias. 18 22 Targeted CPR training has been recommended and implemented for the family members of such 'atients,23' 24 and an analogous use of automatic external defibrillators appears rational from both clinical25 and cost-effective perspectives . 26 In the selection of patients for home placement of automatic external defibrillators, however, more factors must be considered than just identification of patients at high risk for sudden death. An automatic external defibrillator is not operated by the patient but by a member of the patient's household. These household members must not only learn to use the automatic external defibrillator, but they must also accept the concept of operating a sophisticated medical device at a dramatic and emotion-filled momentthe sudden death of a loved one.
In addition, the psychological and behavioral impact of such an overt symbol of high-risk status must be considered. An automatic external defibrillator in the home, with its required training, retraining, and its potential effects on daily living patterns may have unknown psychological consequences. Controlled clinical trials to examine these issues are in progress. 27 How accurate must these devices be? The value of early defibrillation over delayed or absent prehospital defibrillation is obvious. The argument that anything is better than nothing, however, cannot support acceptance of insensitive devices that frequently fail to identify and countershock ventricular fibrillation. The problem is that high sensitivity for ventricular fibrillation may be achieved at the expense of decreased specificity, that is, an increase in the proportion of "non-ventricular fibrillation" rhythms that are shocked. In early field trials the presently available automatic and semiautomatic devices have displayed modest sensitivity, with failure to deliver countershocks to 10% to 20% of the patients in ventricular fibrillation. 28 30 The specificity for nonshockable rhythms has been 100%. When analyzed by separate segments of ventricular fibrillation, rather than by patients, the sensitivity has been even less, in the range of 60% to 70%.29, 30 These first-generation detection algorithms have continued to be regularly improved to increase sensitivity. Most published articles are reporting the performance of detection algorithms that have already been modified.
Countershock of non-ventricular fibrillation rhythms.
The frequency and adverse consequences of countershocks to non-ventricular fibrillation rhythms have not yet been determined. A major unresolved issue is to determine an acceptable trade-off between errors of omission or failure to shock ventricular fibrillation, and errors of commission or shocks of non-ventricular fibrillation rhythms.
The devices should only be attached to pulseless, nonbreathing patients in apparent cardiac arrest. In this clinical situation, few non-ventricular fibrillation rhythms are encountered for which a countershock would be harmful. Asystole, for example, would not be adversely affected by countershocks. Whether automatic external defibrillators should be programmed to countershock asystole is debatable. Countershocks of asystole are seldom beneficial, and even fine ventricular fibrillation rarely responds to electrical therapy.3' The frequency with which higher amplitude ventricular fibrillation "masquerades" as asystole32 is extremely low, although it does occur.33 '4 Patients with rapid ventricular tachycardia and some supraventricular tachycardias, at rates over roughly 150 per minute, could receive unsynchronized countershocks from the presently available automatic and semiautomatic defibrillators. If these rhythms were hemodynamically effective, an unsynchronized countershock would be contraindicated. When operated by individuals trained to confirm the pulselessness and breathlessness of cardiac arrest, however, automatic external defibrillators can use a high-sensitivity algorithm. Such an algorithm could identify and countershock a variety of arrhythmias, including asystole, ventricular tachycardia, broad-complex/high-amplitude tachyarrhythmias, and even hemodynamically compromising supraventricular tachycardias. Verification of cardiac arrest by the automatic external defibrillator. When used in the home and by community responders, confirmation of pulselessness by the operator of the device may not be reliable. Pulses with pressures in the 60 to 80 mm Hg range are difficult to detect in the carotid artery, even by trained personnel. The "pulse check" is one of the most frequently and quickly forgotten skills learned in basic CPR training.35 Must automatic external defibrillators also assume the task of confirmation of pulselessness? While this is a reasonable clinical demand, the present approaches to pulse detection need refinement, since they may cause indicated shocks to be omitted. One manufacturer used the absence of breath as recorded by a breath detector as an indirect indication of no blood Vol. 73, No. 3, March 1986 383 flow to the brain, but this approach has been abandoned. Impedance plethysmography, used by another manufacturer to detect the motion of spontaneous blood flow, respiration, or CPR, shows more promise, although shock omission problems due to extraneous motion and agonal respiration have occurred. Hopefully, the ability of these devices to confirm pulselessness will be refined before community and home use of automatic defibrillators becomes widespread.
Medical control of the use of automatic external defibrillators. Automatic external defibrillators are medical devices that will be available only when prescribed by a physician. For home use, physicians will decide who does or does not receive an automatic defibrillator. Guidelines for patient and family selection, and techniques for training and skill retention, will be available from clinical studies. These clinical decisions, however, will be affected by as yet unsettled questions of third-party reimbursement, by whether or not the devices can be rented, leased, or purchased, and by the eventual retail cost. Personal automatic defibrillators for home use will probably be priced in the range of several thousand dollars. Used in emergency medical systems, automatic external defibrillators eliminate the requirement for rhythm interpretation by EMTs. This advantage will probably encourage widespread implementation of EMT defibrillation programs using automatic defibrillators. EMTs, however, are a level of personnel that has traditionally operated with little or no direct medical supervision. The availability of automatic external defibrillators may improve this situation because physician responsibility for training and review of perfomance must be established before EMTs can use these devices.
C. K. Friedberg envisioned automatic external defibrillators made readily accessible to the community at large in Circulation over 14 years ago.36 Automatic external defibrillators are an exciting development in cardiology. The effect of these devices on survival of cardiac arrest may be substantial.25"26 These devices present the medical community with a number of issues, such as whether unsynchronized countershocks for ventricular tachycardia are acceptable, and whether the device, rather than the operator, must verify cardiac arrest. Advice and recommendations from clinical cardiologists will help resolve these questions. Other issues, such as regulation of public access to automatic defibrillators, will be more difficult to resolve. Clinicians should become aware of these challenges, for only through such awareness can rational and responsible decisions be made.
